Introduction: The present post hoc analysis was designed to evaluate health-related quality
INTRODUCTION
Excessive daytime sleepiness (EDS) and cataplexy (intermittent partial or complete muscle paralysis) are the most frequently recognized symptoms of narcolepsy, with hallucinations upon falling asleep or awakening, sleep paralysis, and disrupted nighttime sleep completing the pentad of symptoms associated with this disease [1, 2] . While onset of narcolepsy generally occurs in childhood or early adulthood [3, 4] , it has consistently been reported that there can be a delay of 10-15 years between symptom onset and confirmed diagnosis, with the lack of recognition by physicians the primary reason for this delay [5] . This failure to recognize the signs and symptoms of narcolepsy not only contributes to reported misdiagnosis [6, 7] , but also delays appropriate treatment, thereby prolonging the adverse psychosocial impact of the disease [5] .
Health-Related Quality of Life in Narcolepsy
In addition to the disease-related physical impairment and the recognized economic burden of narcolepsy resulting from the direct costs of higher healthcare resource utilization and indirect costs associated with unemployment and lost productivity [8] [9] [10] , there is a substantial humanistic burden. Patients with narcolepsy not only tend to have a greater prevalence of comorbidities and higher odds of mortality than those without narcolepsy [11] [12] [13] , but health-related quality of life (HRQoL) has been shown to be reduced across countries and cultures [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . In particular, studies using the 36-item Short Form Health Status Survey (SF-36) to assess HRQoL in patients with narcolepsy have reported lower scores in most SF-36 domains compared to the general population as well as to those experiencing obstructive sleep apnea, Parkinson's disease, and epilepsy [14] [15] [16] [18] [19] [20] [21] [22] [23] [24] .
Because there is no cure for narcolepsy, treatment occurs over the lifetime of the patient, with EDS and cataplexy the main targets of most current therapies [25, 26] [31] , have also been suggested [32] . However, no studies to date have reported on the effects of SXB on HRQoL using a standard assessment measure such as the SF-36.
Objective
The purpose of this analysis is to provide data on the effect of SXB on HRQoL collected during an 8-week randomized controlled trial. [35] , and a change of five points is generally accepted as the minimum clinically important difference (MCID) [36] .
METHODS

Design and Patients
Statistical Analyses
The SF-36 was administered at baseline and at weeks 4 and 8, with efficacy measured as change from baseline at the end of double-blind treatment (week 8) using a last-observation-carried-forward analysis on the intent-to-treat population. Scores were transformed to norm-based scoring using 1998 SF-36 US population norms [37] . Within-group change from baseline was evaluated using a paired t test, and differences in the change from baseline between groups were evaluated using an [38] . Statistical analyses were performed using SAS version 9 software (SAS Institute, Inc., Cary, NC, USA).
Compliance with Ethics Guidelines
All procedures followed were in accordance with the ethical standards of the responsible 
RESULTS
Demographics and Clinical Characteristics
Demographic characteristics of the intent-to-treat population were similar across the study groups (Table 1) . Overall, patients were predominantly female (65.4%) and white (86.0%), with a mean ± SD age of 40.5 ± 15.3 years. The clinical characteristics of narcolepsy in these patients were also similar across groups, and showed that the population was characterized by moderate-to-severe disease. In particular, the mean Epworth Sleepiness Scale (ESS) score ranged from 17.3 to 18.2 across treatment groups (scores C10 are considered to represent clinically important sleepiness [39] ). Additionally, patients reported the frequent occurrence of other narcolepsy symptoms ( Table 1 ). The mean values of all SF-36 domains at baseline showed impaired QoL (Table 1) and were not significantly different across treatment groups, except for the PCS (p = 0.040).
Changes from Baseline
Significant changes from baseline on the PCS were observed with all SXB doses (p\0.05) but not with placebo (Fig. 1) . The 9-g dose resulted in the greatest change (mean ± SD), 6.3 ± 9.1 points, which exceeded the MCID. This change was also significantly greater relative to the 1.5 ± 6.2 points with placebo (p = 0.005), and the difference demonstrated a moderate ES (0.616). In contrast, only the SXB 6-g dose resulted in a significant change from baseline on the MCS, and none of the changes with SXB was significant relative to placebo (Fig. 1) .
Among the individual domains ( (Fig. 2) . A significant change from baseline was observed with placebo only for Role-Physical (p\0.05).
In pairwise comparisons, Vitality was the only domain where all SXB doses showed significant differences relative to placebo (Fig. 2) , and while the ES for the 4.5-g dose was small, at 0.394, the ES for the 6.5 and 9-g doses were moderate, at 0.518 and 0.728, respectively. The SXB 4.5 and 6-g doses did not show significant differences compared to placebo for any of the other domains. However, the mean ± SD change from baseline with the 9-g SXB dose was significantly greater than with placebo in the domains of Physical Functioning 
DISCUSSION
Dose-Dependent HRQoL Response
This study found that SXB treatment in patients with narcolepsy was associated with improved HRQoL in a dose-dependent manner, and that the 9-g dose provided the greatest benefits.
Consistent with other studies [18-20, 22, 24] , these patients were characterized by impaired HRQoL, as shown by baseline values across all SF-36 domains that were lower than normative SF-36 values for the US population [35] . SF-36 Fig. 1 Change from baseline at 8 weeks in SF-36 component summary scores. Data are for the intent-to-treat population using last observation carried forward; broken horizontal line represents the minimum clinically important difference (MCID) Fig. 2 Change from baseline at 8 weeks in SF-36 domain scores. Data are for the intent-to-treat population using last observation carried forward; broken horizontal line represents the minimum clinically important difference (MCID). PF Physical Functioning, RP Role-Physical, BP Bodily Pain, GH General Health, V Vitality, SF Social Functioning, RE Role-Emotional, MH Mental Health domain scores were also generally lower than those reported in most other narcolepsy studies that used this measure [14, [18] [19] [20] [21] [22] [23] [24] , indicating greater impairment of HRQoL at baseline. In these patients, the frequency of narcolepsy symptoms and the high ESS scores are consistent with moderate-to-severe narcolepsy.
Significant improvements with SXB relative to placebo were observed on the PCS and in four of the eight SF-36 subscales, including Physical Functioning, GH, Vitality, and Social
Functioning. Notably, the greatest changes from baseline with SXB were consistently observed in the Vitality domain across all doses, also exceeding the MCID by a five-point change. This domain was also the only one that showed statistically significant differences compared to placebo for all SXB doses. Vitality, which is interpreted as a measure of energy and fatigue, is the subscale that is often reported to have the lowest value among the SF-36 domains in patients with narcolepsy as well as in the general population [18, 22, 24] .
Although fatigue has not been considered a core symptom of narcolepsy, it is frequently reported by patients with narcolepsy [40, 41] .
The significant changes from baseline in the SF-36 Role-Physical and Social Functioning domains, which also exceeded the MCID and were significantly greater relative to placebo, are consistent with previously reported improvements in functional outcomes with SXB as measured by the FOSQ [32] . The SF-36
Role-Physical would be analogous to the General Productivity domain on the FOSQ, and SF-36 Social Functioning would be analogous to the FOSQ Social Outcomes; both FOSQ functional outcomes showed dose-dependent improvements for the 6-g and 9-g SXB doses and large ES relative to placebo [32] . There were some improvements in MCS with SXB, but these were not statistically significantly different from placebo. This lack of an effect may suggest that the MCS is more a measure of mental health (i.e., anxiety/ depression) than cognitive function [41, 42] . It should be noted that a previous analysis from this study that used the FOSQ did report that 6-g and 9-g SXB doses were associated with significantly greater improvements relative to placebo in the Vigilance domain [32] . This domain assesses the cognitive functions of attention and concentration.
Limitations
Limitations of this study include the 8-week study duration. This observational period may not be long enough to capture changes in patient-reported QoL outcomes that may be associated with narcolepsy treatment [24] .
Clinically meaningful changes in EDS and cataplexy with SXB may require 2 months or more, and a longer period is required to achieve maximum response [43] . Another limitation is that the SF-36 is a disease-independent assessment, and while it may be appropriate for an overall understanding of HRQoL in patients with narcolepsy relative to other populations, it may not be fully responsive to changes in domains associated with narcolepsy treatment effects. Consequently, a disease-specific measure is needed that could more sensitively capture changes in outcomes that impact HRQoL in patients with this disorder. Nevertheless, the results of the current study showed improvements in several SF-36 subscales at the 9-g/day dose of SXB.
Finally, the use of the generally accepted MCID of five points to indicate clinically meaningful improvements could be criticized, since the MCID is likely to vary across conditions.
However, in the absence of disease-specific values, this threshold provides a relative measure for interpreting the observed improvements.
CONCLUSIONS SXB appears to improve QoL measures in a dose-dependent manner, with the largest impact at the 9-g/night dose, which had a significant effect on the Vitality, GH, and 
